The psychology of music is a subfield of psychology that addresses questions of how the mind responds to, imagines, controls the performance of, and evaluates music. The history of this sub field has been greatly influenced by the major trends and develop ments in the parent discipline, and the organization of this chapter follows the tradi tional rubrics of that history. Earlier in the twentieth century there was a frequent distinction made between Tonpsychologie (the study of vibration, the ear, and the sen sation of sound) and Musikpsychologie (the study of music as a form of cognition). Though the distinction seems less clearcut today, this chapter recognizes its histori cal force and focuses on the latter category, with the former receiving extended treat ment in Chapter 9, passim.
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Since at least the seventeenth century, proponents of one or another theory of music have frequently used the psychology of music as a touchstone. They assert propositions in the general form of "musical relationship has a valuation because there exists a rel evant phenomenon or principle in the psychology of music." For example, one might view Rameau as having asserted that "the fifth and third, as progressions of the funda mental bass have the qualities of being good, natural, and fitting because Sauveur and other acousticians have shown these intervals to be present in every musical tone, as a macrocosm within a microcosm." Or Riemann could be viewed as having asserted that "harmonic relationships based on progressions of a major third or perfect fifth between the chordal 'roots' have the qualities of being directly intelligible and foundational because Helmholtz and other physiologists have shown that the frequency analysis of the inner ear privileges these intervals." Developments in the psychology of music thus shift and reestablish the ground on which are based propositions in the theory of music.
As a less wellknown example of how the discourse of a music theory can have its roots in psychological principles and premises, one might consider a treatise on harmony (1862) by Abramo Basevi. 1 Basevi, widely recognized as one the nineteenth century's most astute critics of Italian opera, and of Verdi in particular, felt a growing divide between theoretical precepts handed down from the eighteenth century and the 956 actual musical practice of his time (p. 4). 2 To reconcile the expressive techniques of his day with the stricter traditions of the past, he proposed two principles borrowed from the psychological literature: "sensation" and "perception" (p. 5). Laws of sensation are applicable to tones per se and outside of a particular musical context. Laws of per ception depend on learning and expectation. Thus, while sensation is constant over the centuries, perception changes (p. 10). Basevi goes so far as to assert that a sound "perceived" has sufficient psychological force to trump a sound "sensed" (p. 11). In this book ostensibly about harmony, Basevi restates and encapsulates the nineteenth century debate over the importance, but also the limits, of sensation as an explanation for human cognition. His wise and, for music studies, innovative contrasting of sensa tion and perception (what today might be termed "bottomup" and "topdown" factors)" though rarely cited, comes close to the actual practice of musical explanation evidenced in most classrooms.
The foundations of modern psychology
The study of the mind has long been the province of philosophy. Many passages in ancient Greek texts can be read as addressing psychological questions, and the work of Aristoxenus (fourth century BCE) on musical problems displays an empirical bent easily mistaken for current formulations. But it is with philosophical texts of the seventeenth century that historians see the new orientation toward sensing and thinking that would develop into the foundations of modern psychology.
We have inherited so much of the worldview of these authors that their originality can be difficult to convey. One is reminded of the schoolboy who objected to reading Shakespeare because it was full of clichés. A contemporary of Shakespeare and Monteverdi was the philosopher Sir Francis Bacon . In his Advancement of Learning (1605) , he departs from the long canonist tradition of music as a science of numerical relationship and focuses instead on music as both sensation and a mode of conveying ideas or feelings. Though the schoolchild of today will likely say that music is "about feelings," the idea was not a cliché in 1605:
Is not the precept of a musician, to fall from a discord or harsh accord upon a concord or sweet accord, alike true in affection? Is not the trope of music, to avoid or slide from the close or cadence, common with the trope of rhetoric of deceiving expectation? Is not the delight of the quavering upon a stop in music the same with the playing of light upon the water? (Second Book, V, 3) Bacon expounds on emotions, expectations, and the quality of sensations as if they are the very stuff of music, whereas only a few generations earlier any reference to such topics could have occurred only in a poetic context. The change was evident to Bacon's generation. Music historians may well hear echoes of Monteverdi's prima and seconda prattica when, in Bacon's Novum Organum (1620, "A New Instrument"), they read:
Let there exist, then . . . two sources, and two distributions of learning, and in like manner two tribes . . . of philosophers . . . Let Bacon's program has come to be known as British empiricism, and his "true sons of science" seized upon music as an integral part of mental life. One of them, John Locke (1632-1704), a contemporary of Corelli, clearly articulated subjects that remain central to the psychology of music. His Essay Concerning Human Understanding (1690) takes up auditory imagery, the holistic nature of a melody, attention, performance, and memory by association:
Sounds also, besides the distinct cries of birds and beasts, are modified by diversity of notes of different length put together, which may make that complex idea called a tune, which a musician may have in his mind when he hears or makes no sound at all, by reflecting on the ideas of those sounds, so put together silently in his own fancy. (Book II, Chapter 18, Sec. 3) Thus a triangle, though the parts thereof compared one to another be relative, yet the idea of the whole is a positive absolute idea. The same may be said of a family, a tune, etc. (Book II, Chapter 25, Sec. 6) Custom settles habits of thinking . . . which, by often treading, are worn into a smooth path, and the motion in it becomes easy, and as it were natural. . . . A musician used to any tune will find that, let it but once begin in his head, the ideas of the several notes of it will follow one another orderly in his understanding, without any care or attention, as regularly as his fingers move orderly over the keys of the organ to play out the tune he has begun, though his unattentive thoughts be elsewhere a wandering. (Book II, Chapter 33, Sec. 6) Though Locke and others posed many of the core questions of the psychology of music in the seventeenth century, so little was then known about the nature of vibra tion, the ear, the nervous system, and the brain that even the most ardent "sons of science" did not venture to answer them empirically. Seventeenthcentury achieve ments in mechanics did lay the foundations for eighteenthcentury discoveries about the physics of vibrating strings. And the eighteenthcentury fixation on matters of taste, sense, and sensibility (Empfindsamkeit) did lay the foundation for nineteenth century studies of sensations (Empfindungen). But the beginnings of successful attempts to use evidence gleaned from carefully controlled experiments to connect the musical mind with its sensate body date only from the second half of the nineteenth century.
Structural psychology and act psychology Auguste Comte (1798 -1857 , displaying the hubris, teleology, and obsession with progress characteristic of many nineteenthcentury authors, held that explanations (and civilization generally) pass through distinct stages. 3 The first is theological, in which explanations are grounded in the supernatural. The second is metaphysical, in which explanations depend on positing universals and other grand abstractions. Finally, the third and ultimate stage is positivism, in which one "seeks to coordinate observable facts and find descriptive laws of natural events." 4 Comte's pre scriptions are caricatures, and yet they capture the general program that animated the pursuit of science in European universities, especially in the second half of the nine teenth century, and especially in Germanspeaking lands. Carefully controlled obser vation would lead to accurate description which in turn would lead to the proper 'understanding of the laws of nature.
Strictly speaking, the nineteenthcentury German university did not recognize psychology, much less the psychology of music, as a discipline. Instead, psychology constituted a problem attacked from "above" by philosophy and "below" by physiol ogy. Wilhelm Wundt (1832 Wundt ( -1920 , son of a Lutheran pastor, was trained as a physiol ogist and held an important chair in philosophy at Leipzig, where he established in 1879 what is widely regarded as the first modern psychological research laboratory. His laboratory became the center of "structural psychology," which charted the physiolog ical constituents of consciousness. As a onetime assistant to the brilliant physicist and physiologist Hermann von Helmholtz (whose work is discussed in Chapter 9, pp. 257-62), Wundt had adopted the widely prevalent idea that individual nerves carry "specific nervous energies" to the brain (1874). Each signal represents a unique sensa tion, and an inventory of all such sensations would catalogue the elements of con sciousness, just as the periodic table today catalogues the elements of matter. 5 Franz Brentano (1838 Brentano ( -1917 , a Dominican priest and professor of philosophy in Würzburg and later Vienna, founded the more loosely defined "act psychology," which focused on the acts and processes that he felt were the overt products of consciousness (1874). His philosophical influence became more widely disseminated through famous students such as Edmund Husserl (1859 -1938 ), Sigmund Freud (1856 -1939 , Christian von Ehrenfels (1859 Ehrenfels ( -1932 , and the philosopher Carl Stumpf(1848 Stumpf( -1936 A student of Wundt's, Carl Lorenz, had published a paper in which he reported that subjects in an experiment made comparisons of the sizes of musical intervals which suggested that the perception of tone height was more linear than logarithmic ( 18 9 0 ). Thus the estimated middle of an arbitrary musical interval would lie closer to the arith metic than to the geometric mean, a result that would contradict not only the newly minted and highly prized psychosensory laws of Ernst Weber (1795-1878) and Gustav Fechner (1801-87), but also the whole history of music theory with its elaborate cal culations of "harmonic" means (see Figure 31 .1).
Stumpf started the fight. 6 His considerable background in music (he had composed by age ten, established the Berlin Phonogramm Archiv, and was mentor to the ethnomu sicologist Erich von Hornbostel) and his standing as the author of Tonpsychologie (vol. 1, 1883; vol. II, 1890) were not the only underpinnings of his discontent. Stumpf, like Wundt, believed in the careful observation of one's own mind -introspection-as a linchpin of psychological inquiry. But against Lorenz's 110,000 observations of non experts he set the intuitions of his own and other highly trained musical minds as being equally valid. Stumpf the philosopher and musician knew the truth of what the physiologist could only approximate, and he viewed empirical psychology as merely propaedeutic to "higher philosophical concerns." 7 Stung by Stumpf's sixtysevenpage refutation of Lorenz, Wundt counterattacked (1892). His assertion that "whoever would further the psychology of tone must have something more than musical experience" was aimed directly at Stumpf, though Wundt himself was famous for advocating introspection as a starting point. Wundt's laboratory, in a variety of studies, had been attempting to define what his student Edward Titchener (1867 -1927 , later professor at Cornell) described as the "full resources of the normal mind" (1896). "The structural psychology of Wundt and Titchener had a threefold aim: to describe the components of consciousness in terms of basic elements, to describe the combinations of basic elements, and to explain the connections of the elements of consciousness to the nervous system." 8 Titchener reported 11,600 "conscious elements" of audition (i.e., discriminable pitches), each "distinct from all the rest, and altogether simple and unanalyzable. Each one may be blended or connected with others in various ways, to form perceptions and ideas." For Wundt, the manner in which a musical expert "blended or connected" the basic ele ments was a problem separate from establishing the identity of those elements through b Figure 31 .1 The controversy between Wundt and Stumpf centered on finding the proper function for relating two frequencies to their perceived musical distance. As traditionally defined, musical intervals have a logarithmic relationship to frequency (e.g., two frequencies in the ratio of 2:1 will be perceived as being an octave apart, regardless of the specific frequencies involved). Lorenz's experiments suggested that in some cases a linear relationship existed between two frequencies and their perceived distance (e.g., the frequencies 1,200 and 1,100 Hz, which are 100 Hz apart, might seem to be the same distance apart as the frequencies 200 and 100 Hz). The modern measure of musical distance is based on "critical bands" and falls between the functions advocated by Stumpf and Wundt. experimentation. If Stumpf did not like those results, then perhaps he was, to use Bacon's metaphor, in the wrong tribe.
Four more rejoinders were published, each more shrill and exasperated in tone. 9 At a century's distance, all the fuss about measuring intervals may seem overblown, more a function of male territoriality than of science. Yet the positions sharpened in that engagement continued to assert themselves. The field itself eventually split, with the Wundtians pursuing the "bottomup" investigation of the auditory system (Tonpsychologie) and the Stumpfians developing "topdown," Gestalt psychology (see below) and what Ernst Kurth (1886 Kurth ( -1946 termed Musikpsychologie (1931) . Musicians stilI deride psychologists for not being adequately "musical," and psychologists still labor at establishing the psychological foundations of musicians' poorly defined intui tions. 10 Syntheses that reconcile opposing positions often come decades after the dispute. Today, for example, we may surmise that Lorenz's subjects were revealing the importance of "critical bands," 11 "an intermediate measure between frequency and log frequency" 12 that is determined by the finescale neurophysiology of the inner ear (see Figure 31 .1). Wundt's obsession with controlled observation was indeed pointing toward a better understanding of the "basic elements," yet Stumpf was right in distinguishing them from the "perception and ideas" of the expert. In the same regard Stumpf's statistical analysis of differences in the way Lorenz's subjects responded to situations where a "middle" pitch could or could not fall on a scale tone (e.g., the major third c 1 e 1 has a middle pitch of d 1 whereas the minor third e 1 g 1 has a middle pitch that falls outside of the standard twelve chromatic pitches) became typical of modern techniques of using computational measures to distinguish "nature" from "nurture" ("Vergleichung der Tondistanzen," 1890). In Comte's terms, perhaps both sides in the StumpfWundt controversy had too quickly posited universals that obscured the coor dination of "observable facts" and delayed the discovery of more encompassing "descriptive laws of natural events."
American functionalism
In contrast to Wundt's structuralism, "the American psychologists who had been trained in Germany imposed a functional interpretation on structural psychology when they returned to America. . . . Functionalism was an orientation in psychology that emphasized mental processes rather than mental content and that valued the usefulness of psychology." 13 As an early example of this different orientation, we may look to the 1910 dissertation at the University of Chicago by W. Van Dyke Bingham (1880 -1952 . Bingham was a student both of James Angell (1869-1949, who had studied with William James at Harvard and in Germany at Halle with Erdmann) and of Hugo Münsterberg(1863-1916, who was a student ofWundt and whom James then brought to Harvard). Angell's influential Psychology (1904) proclaimed that "our purpose is . . . to adopt a biological point of view . . . and to attempt . . . to see just how the mind aids in the adjustment of the psychophysical human organism to its environment."
For his topic, Bingham chose the "melody problem." He set out a series of hypoth eses concerning melodic "unity," "relationship," and "tonality," and then tested his Figure 31.2 The "LippsMeyer" Law predicts an "effect of finality" for a melodic interval that ends on a tone which, in terms of an idealized frequency ratio, can be represented as a power of two. There are an infinite number of such ratios, but Lipps, Meyer, and others of that time usually restricted their discussions to the "normal" intervals of the diatonic scale: As shown on the staff, the open noteheads represent the notes with an "effect of finality" as predicted by the law.
hypotheses with a series of experiments. In melody studies from this period, a much discussed issue was the "law of the number 2" (see Figure 31 .2). This law-the asser :ion that in pairs of tones, if one of the tones has, as its number when the interval is expressed as a ratio, a power of 2, then that tone functions as a psychological "center of gravity"-was first proposed by Theodor Lipps (18511914, also a logician) and taken up by Max Meyer (18731967), who in 1896 completed the first dissertation in Berlin supervised by Stumpf. The status of these scholars notwithstanding, Bingham's experiments suggested that "the law of finality of twotone melodies did not tell the whole story." 14
Two melodically "related" tones tend to establish a tonality. (p. 34)
The tonality consists in the attitude of which the image is merely the superficial mani festation or sensory core. One can image the tone of 320 d.v. [= Hz] as a tonic in the key of e or as a median in the key of c, and the auditory image will be identical in the two cases, but not the total psychosis. There will be an entirely different organization of expectations, an entirely different attitude, an entirely different set of anticipations and demands, a preparedness for one set of experiences, but not for another. (p. 37) What Bingham describes as his "motor theory of melody" is couched strongly in Angell's terms of an "organism" and its "environment":
Every melody, like every other experience which is a "whole," must have . . . "a begin ning, a middle and an end." A motor theory of melody finds the "beginning" in the upsetting of established muscular tensions which the onset of the tonal sequence involves. . . . The "middle" includes the taking of the proper "attitude," the organiza tion of a set of incipient responses, and then, as the tonal sequence proceeds, the making of these responses explicit and overt in the acts of responding to the successive tones. Each tone demands a specific act of adjustment for which a general and also a more or less specific preparation has already been made, and each contributes in turn to the fur thermore definite organization of the total attitude. If a tone appears which is of such a pitch that an entirely new adjustment is necessary, that tone is unrelated: unity is destroyed; the succession of tones is not a melody. But if the new tone is so related to its predecessors that it institutes a response which is in part a continuation of the act already in progress, the unity is preserved ... The "end" comes only with the arrival of a phase of the complex ongoing activities to which the balanced tensions can merge into each other and harmoniously resolve their opposing strains. This becomes possible when a sufficiently definite set of expectations has been aroused and then satisfied. (pp. 81ff.)
Bingham's discourse has clear affinities with that of Angell's most famous student James B. Watson (1878 Watson ( -1958 , whose earlier dissertation was entitled Animal Education; The Psychical Development of the White Rat (1903) and who was the great early exponent of behaviorism. But it also foreshadows the much later doctoral work at Chicago by Leonard Meyer (see below).
The most American of American functionalists was, ironically, born in Sweden. Carl Seashore (18661949, né Sjöstrand) came as a boy to a SwedishAmerican settlement in Boone County, Iowa. He worked summers on the family farm, learned English, and qualified to attend the Swedish Lutheran college of Gustavus Adolphus in Minnesota (Seashore's father was a lay minister). After graduating as valedictorian (1891), he went off to Yale to study with George Ladd (1842-1921, a Protestant minister) and Edward Scripture (1864-1945, student of Wundt). Yale granted him its first Ph.D. in psychol ogy, and he was later recognized as "easily the most distinguished" of the graduates of that laboratory. 15 Seashore returned to Iowa and developed in Iowa City the most extensive program in the psychology of music that the world had yet seen. He pub lished extensively, became Dean of the Graduate School (1908; Stumpf had become Rector in Berlin), and led the way in adapting or building new technology for the study of musical performance. A $200,000 research grant by the Bell Laboratories in the 1930s gives some indication of the magnitude of his enterprise. 16 American psychologists in the age of Teddy Roosevelt lived in a different society than their German counterparts in the age of Kaiser Wilhelm. Applied psychology, directed at raising the masses, was not a priority in a German educational system where "powerful and wellestablished social mechanisms . . . governed the selection . . . both of individuals and of programs." 17 German scholars were an elite and tended to report studies based on relatively few subjects (in Stumpf's case, often on Stumpf alone). But in the New World, "instead of functioning as a repository of preindustrial patterns, as it did in Germany, . . . education [in America] quickly adapted itself to provide an almost perfect reflection of the requirements of the new industrial order. The chief 15 Boring, A History of Experimental Psychology, p. 528. 16 A short but valuable biography of Seashore was prepared by John Kendall, then head of the psychol ogy department at Gustavus Adolphus College, and published October 21,1977 in Faculty Notes, an in house publication at Gustavus. I would like to chank the Gustavus archivist, Chester Johnson, for his kind assistance in providing me with this material. 17 Danziger, "Social Context and Investigative Practice, " p. 27· agents of this process were the new educational administrators who provided applied psychology with its most important and most reliable market." 18 Seashore's Psychology of Musical Talent (1919), a monograph "addressed to students of applied psychology" (p. vii), established his public reputation and offered valuable tools to the educational administrator. Francis Galton (1822-1911), a close relative and advocate of Charles Darwin (1809-82), had pioneered the study of inherited traits and abilities through statistical methods. As Seashore says, "The stress of [World War I] forced our army to adopt psychological methods for the selection and rating of the human energies of men for assignment to service and for promotion. When the best results are demanded in any occupation, haphazard procedure must give way to pro cedure on the basis of ascertained facts. When Music shall come to her own she will come to the musically gifted: to that end musical talent must be revealed and encour aged" (p. vii). And who better to administer these tests than an educational adminis trator: "For the large cities, the most natural solution is the employment of a consulting supervisor of music, who shall be given general charge of the organization of surveys, the adjustment of the curriculum for the introduction of the tests and exer cises, the planning of followup work, the giving of individual counsel and more inten sive examinations, and the adjustment of groupings for instruction in the public schools on the basis of ascertained talent" (pp. 280ff.).
The Seashore tests were designed to measure specific "capacities or abilities for the hearing of music tones," 19 and thus constitute a legacy of Wundt's inventory of "spe cific nervous energies." For instance, pitch discrimination was measured by two pure tones "sounded in quick succession . . . The listener is to tell whether the second tone was higher or lower than the first. Thus, the problem is reduced to its simplest form. "20 Pure tones had been produced by large sets of precision tuning forks, the preserve of elite research institutions. The most prized of these, by the Parisian Rudolph Koenig (1832 Koenig ( -1901 , were wonders of the scientific world. At the Philadelphia Centennial Exposition (1876) he exhibited a set of 670 forks ranging from one five feet high, with a pitch of 16 Hz, to a tiny one that vibrated at nearly 20,000 Hz. 21 Against this expen sive European craftsmanship Seashore offered "a phonograph record which is econom ical, standard, durable, and relatively foolproof in use." 22 Seashore summed up the work of his laboratory in The Psychology of Music (1938) . Its frontispiece presents a photograph of "The Henrici Harmonic Analyzer, a symbol of the science of music." Its gleaming wheels, carefully machined armatures, and six mys teriously glowing orbs portend not just an efficient mechanical means of approximat ing the Fourier integral, but the pride and power of modern science brought to bear on longstanding problems of the musical mind. In their day, Seashore's energy and enthusiasm were highly infectious. would be few limits on what "scientific procedure in the interpretation, evaluation and education of the musical mind" could achieve. "Scientific procedure" would:
1.
give us "a psychology of music" 2.
furnish us with "a technique for the development of musical esthetics" 3.
form "a basis for the analysis and evaluation of musical talent" 4.
develop a basis for "an intimate relationship between music and speech" 5.
lay "the foundation of musical criticism, musical biography and autobiography, and music theory in general" 6.
furnish "the foundation for the essential facts for the construction of the curricu lum" 7.
give "music its true place and influence" (p. 12) This minister's son felt deeply that science improved the lot of mankind. "It is a wonderful thing," he marveled, "that science makes it possible to discover, measure, and explain the operations of the musical mind in the same attitude that the astrono mer explains the operation of the stars" (p. xi). Yet a reader with experience of what the science and the institutionalization of psychology brought about in the years after 1938 may find it difficult to share fully in Seashore's enthusiasms. Standardized tests intended to uncover the talent hidden in farmboys like Seashore can begin to look like means of discrimination in the urban ghetto. Moreover, Seashore's own tests did not reliably predict an individual's subsequent success or failure.
"Pure" research into hearing could be integrated into the technical means of the modern state. For example, the Gestalt psychologist Wertheimer and the ethnomusi cologist Hornbostel (see below), both from Stumpf's institute, adapted theories of sound localization into battlefield devices for locating enemy artillery positions and served during the First World War as reserve officers of the Prussian Artillery Testing Commission.23 Paul Farnsworth (1899-), an early critic of Seashore's tests, declared him "one of the most ardent hereditarians psychology has produced, and his books quite clearly reflect this nativistic bias." 24 While the boosterism of the jazzage American Heartland, skewered by the novels of Sinclair Lewis, may ring hollow today, Seashore's numerous achievements neverthe less remain truly impressive. His studies of the nuances of musical performance (vibrato, phrasing, dynamics, etc.) , aided by the same technology that had made pos sible talking motion pictures, are models of their kind. He also tried to encourage research into areas that still present great obstacles:
Success or failure in music depends upon the capacity for living in a tonal world through productive and reproductive imagination. The musician lives in a world of images. (p. 5) 23 Ash, Gestalt Psychology, pp. 187ff. 24 Farnsworth, Social Psychology of Music, p. vi. This subject [auditory imagery] has received too little attention in recent years, largely owing to the extreme behavioristic attitude which ignores the existence of the mental image and partly owing to the fact that it is a phenomenon which does not lend itself accurately to psychophysical measurements. (p. 161) And he was a pioneer in the field of experimental aesthetics. His credo, "The artistic expression of feeling in music consists in esthetic deviation from the regular-from pure tone, true pitch, even dynamics, metronomic time, rigid rhythms, etc. All of these deviations can be measured" (p. 9), would likely be shared by many of today's leading scholars in the study of musical performance.
Gestalt psychology
As mentioned earlier, John Locke was among the first to note that "the idea of the whole" as "a positive absolute idea" could be applied to a melody. Ernst Mach (1838 Mach ( -1916 , for whom the Mach numbers of supersonic flight are named) revisited the topic. Thinking about how two melodies might be perceived as "the same," and using the newer vocabulary of psychophysics, he remarked that "we can choose the melodies in such a way that not even two partial tones in them are the same. And yet we recognize the melodies as the same." 25 Mach, however, could not, in the spirit of physiology, find a "sensation" that accounted for the "affinity of form." Christian von Ehrenfels (1859 Ehrenfels ( -1932 , student of Brentano) "restructured the discussion by taking melody as his paradigmatic case for deciding what such forms 'are in themselves' (an sich seien). Noting, as had Mach, that we can recognize two melodies as identical even when no two notes in them are the same, he argued that "these forms must therefore be something different from the sum of the elements. They must have . . . 'Gestalt quality.'" 26 Ehrenfels's holistic notion of "Gestalt quality" struck a chord with musicians. It reinstituted Vorstellungen (conceptions or ideations) above Empfindungen (sensations), a shift that Hugo Riemann (1849-1919) eventually followed in replacing his early reli ance on Helmholtz's term Tonempfindungen with a new emphasis on Tonvorstellungen. 27 Ehrenfels himself was a musician and devotee of Wagner, to the extent that he under took a pilgrimage on foot to Bayreuth for the 1882 premiere of Parsifal. In his view, the tone painting in Wagner's music dramas "provides an inestimable wealth of material for the comparison of Gestalt qualities of all kinds." 28 And for the young musicianpsy chologists under the tutelage of Stumpf (the arch musicianpsychologist), Ehrenfels's new concept seems to have been irresistible.
Mach, "Vom räumlichen Sehen." 26 Ehrenfels, "Über Gestaltqualitäten" See also Ash, Gestalt Psychology, pp. 87-88. 27 Riemann, "Ideen zu einer 'Lehre von den Tonvorstellungen.'" 28 Ash, Gestalt Psychology, p. 9".
The three young scholars who developed Gestalt psychology were all closely con nected with Stumpf. Max Wertheimer (1880 -1943 grew up playing piano and violin in a Germanspeaking Jewish family in Prague. He studied with Brentano at Prague and then with Stumpf in Berlin, becoming friends with Hornbostel and attending musico logical lectures by Max Friedlaender (1852 -1934 . In 1910 he wrote to a friend that he intended to study melody as a Gestalt. 29 Kurt Koffka (1886 Koffka ( -1941 came from the well todo family of a Protestant Berlin lawyer and a Jewish mother. He completed a 1908 dissertation under Stumpf on the theory of rhythm (expressed in visual patterns). Koffka's studies showed that "'grouping,' determined or structured by an 'accent,' was fundamental for the experience of rhythm." He argued that "the then current theory of rhythm, which stressed kinesthetic sensations, did not explain the role of grouping, but only shifted the problem to another level of explanation." 30 Wolfgang Köhler (1887 -1967 , youngest of the three, was highly musical and like Wertheimer played both piano and violin. With his solid training in the physical sciences (he had worked with the quantum physicist Max Planck) Köhler made a breakthrough in the study of Klangfarben (tone colors) by placing a tiny mirror on the surface of his eardrum and studying the patterns of light reflected when a beam was directed onto it while he listened to loud tones. His 1909 dissertation on the subject appeared the same year as Arnold Schoenberg's Five Pieces for Orchestra, Op. 16, with its Klangfarbenmelodie.
The Gestalt psychologists did not invent the study of parts and wholes. Nor were they the first to notice that certain arrangements of stimuli seem to enhance the per ception of the whole. Georg Müller (1850 Müller ( -1934 , for example, reported in 1904 that stimuli characterized by factors of nearness, symmetrical position, or "inclusion in common contours," seemed to possess a higher "degree of coherence." But the Gestalt school elevated these observations to general laws supported by experimental data. In a 1923 formalization of precepts first announced in 1914, Wertheimer transformed Muller's "inclusion in common contours" into the Law of Good Continuation. Likewise he postulated a Law of Proximity, a Law of Similarity, a Law of Closure, and a Law of Prägnanz (i.e., we perceive the best and simplest organization afforded by circumstances). The experimental data, as one might expect of Stumpf's students, did not emphasize voluminous statistics on groups of inexpert subjects. Psychologische Forschung, the Gestalt organ edited first by Koffka and then by Wertheimer, had "the lowest proportion of studies with data referring to group rather than to individual per formance of the major German psychology journals for the years 1920 to 1930." 31 And the Gestalt research program favored what today would be termed "robust" phenom ena. As a student of the period jokingly put it, "A Gestalt theoretical experiment was geared up so that it would work in 100 percent of the cases, and if it did not work, well throw it out the window. Though Stumpf himself was not an eager adherent, he had already made "Gestalt qualities" the subject of his seminar in the winter of 1906-07, and he went to great lengths to ensure his Gestaltist students a prominent place in the postwar Weimar Republic:. First, in a spectacular feat of academicpolitical maneuver during the chaos following the Kaiser's abdication, he managed to move his institute into a wing of the imperial palace. Many key experiments of the Gestalt school were performed in grand spaces only recently vacated by the ladiesinwaiting. Then, Stumpf artfully arranged for Köhler, still a young man, to succeed him in Germany's most prestigious chair. The years between Köhler's 1922 ascension in Berlin and his forced resignation in the 1930s represent the highwater mark of the Gestalt school. Koffka, fluent in English, left Germany in 1927. Wertheimer, who recognized the danger for Jews under the Nazi regime, departed in 1933· Köhler, the unimpeachably Teutonic German, stood for a while against the toadyism of proNazi academics and published the last antiNazi article permitted in a German newspaper. All three eventually came to America: Wertheimer to the New School for Social Research, Koffka to Smith College, and Köhler to Swarthmore and then Dartmouth.
In what seems like a puzzling missed opportunity, the first generation of Gestalt psychologists did not make music a focus of their experiments. To be sure, musical sub jects were mentioned frequently as exemplifications of Gestalt ideas-the holistic nature of melody, the grouping of rhythms, the triad as a unity. Hornbostel attempted a synthesis ("Psychologie der Gehörerscheinungen") in 1926 but did not venture much beyond the domain of psychoacoustics. These most musical of psychologists focused their actual work much more on visual than on auditory phenomena. Though Wertheimer composed music at an early age, his name is associated with the study of apparent motion in visual perception, not with the psychology of music. Of their few students to study aesthetic questions, the best known-Rudolf Arnheim (1904-)-chose the visual arts (films and painting) over music:. Only for their intellectual grand children would the art of music become a major focus.
Behaviorism
Tones were there at the birth of behaviorism-the dogs that salivated in the Russian laboratory of Ivan Pavlov (1849 Pavlov ( -1936 were conditioned to expect food after hearing a tone. And the American evangelist who redirected psychology away from the subjec tive study of mind and toward the objective study of overt behavior-John Watson (1878 Watson ( -1958 -studied at the University of Chicago in the same environment as the melody specialist W. Van Dyke Bingham (see above). Yet music, as opposed to an isolated tone, did not fit easily into the stimulusresponse paradigm of behaviorism. The emphasis of behaviorists on "comparative psychology," meaning the study of animal behavior, left little or no place for music. And definitions of rewards (the food for Pavlov's dogs) in terms of motivations, urges, and so forth were not easily adapted to questions of why a particular phrase in a string quartet sounded better in the key of G major than in A b major. As an internal aesthetic activity, music could have few overt behaviors beyond tapping one's foot or occasionally humming along with a tune.
Music does function within social events, however, and those social events or circumstances do produce overt behaviors. That shift in focus-from music as "art for art's sake" to music as a component of "important public acts"-formed the starting point for Charles Diserens's Influence of Music on Behavior (originally a dissertation in psychology at the University of Cincinnati). Diserens declared:
Our purpose then is to study the influence of music on the organism. We approach music from the practical rather than [he aesthetic standpoint, regarding it as a neces sity, a possible means of reeducation and human reconstruction for all, rather than a mere subject of unproductive pleasure, or an object for criticism from the learned few . . . Music was always associated with social life, or rather the functioning of the organs of society. It was never "an end is itself," but subordinate to important public acts, magic, ritual, ceremony, or labor. (p. 16) If the social human is the analogue of Pavlov's dog, and social functions the motiva tions, then music is part of a complex of stimuli that should produce a measurable organic response analogous to the dog's salivation. Diserens had begun a series of experiments in 1921-22, "to determine the influence of music upon certain typical forms and aspects of behavior which are of importance in the ordinary activities of daily life." Using apparatus related to the modern polygraph, he measured fatigue, endurance, accuracy of movement, speed of movement, effects on handwriting, per ception of optical illusions, "suggestibility," color selection, respiration, and reflexes. He concluded that in spite of many questions and problems raised by the experiments, one could nevertheless conclude that "all activities tested are considerably accelerated by music" (p. 209), a finding not easily interpreted but still suggestive of how music could aid in industrial efficiency and production. The ubiquitous background music of today's commercial environments has its roots in behaviorism.
Diserens went farther than most in his behaviorist approach to music. Yet his inter est in music's social functions was less a leap into a twentiethcentury dehumanized science than a reinterpretation of nineteenthcentury inclinations to view music as part of society's moral and ethical fabric. These musicosocial functions retained their status as "higher" subjects and typically came toward the end of textbooks in the psychology of music. Like the formulaic presentation of topics in a medieval music treatise, where one often began with Sonus est . . . , the psychologyofmusic textbook from the 1920s onward had a typical order of presentation that also began with the nature of sound. After presenting the elements of vibration; the rudiments of psycho acoustics; the qualities of a tone, of tones in pairs, and of larger combinations of tones; and the nature of rhythm; the author would then proceed to the higher subjects. These were musical aesthetics, musical talent, issues of performance, and music in society. Good examples of this presentational scheme, which in many respects still functions today, are the texts of Max Schoen (1888 -1957 and James Mursell (1893 Mursell ( -1963 ). Schoen's "survey for teacher and musician" (1940) provides an excellent summary of the studies done on musical prodigies, in particular Stumpf's work with Pepito Areola and Geza Révész's (1878 Révész's ( -1955 with Ervin Nyiregyházy. 33 Mursell was not unique for his time in addressing the subject of race. Both he and Seashore 34 note that studies of the musical ability of schoolchildren did not show any consistent racial differences. Mursell's adoption of a Gestalt approach to describing musical patterns and his postulation of a small set of rhythmic feet as the core constituents of rhythm reappears in the writings of Leonard Meyer (see below), who took his bachelor's degree (in philosophy) in 1940 at Mursell's Columbia University.
Cognitive psychology
Behaviorism might be called the "era of the white rat" in honor of that animal's role in countless studies. But even during behaviorism's heyday, careful observers had begun to notice that the humble rat seemed to do more than just respond to isolated stimuli. A 1948 article by Edward Tolman (1886 Tolman ( -1959 , University of California at Berkeley), "Cognitive Maps in Rats and Men," suggested that rats could learn the general organ ization of their environment, a knowledge apparently gleaned from a process akin to thinking. If rats could think, then perhaps so could men. Other studies began to high light innate limitations or biases in human cognition. In an experiment that presented listeners with a rapid alternation of two tones, 35 George Miller (1920-, Princeton University) demonstrated that, as the interval between these tones widened, one heard a shift from the trilling of one main tone to a tremolo effect of two separate tones. The change in the response seemed more a Gestalt like rethinking of the stimulus than a simple response. Miller's most famous article, "The Magical Number Seven, Plus or Minus Two," further demonstrated innate properties of how the brain "processes" information in memorable "chunks" of from five to nine items. The influential Cognitive Psychology (1966) of Ulric Neisser (1928-) helped give a name to what even tually replaced behaviorism as the dominant orientation in psychology. Cognitive psychologists attempt to specify, through the interpretation of statistical data obtained from experiments, how the mind works. And they often express that working in terms of "mental structures" and "mental processes." In his book on memory, 36 Sir Frederic Bartlett (1886 Bartlett ( -1969 had introduced this distinction to explain how the memory of a story is first encoded (a process) into a schema (a structure) and then subsequently decoded (another process) as a recollection that may depart in significant 33 Stumpf, "Akustische Versuche"; Révész, Nyiregyházy. 34 Mursell, Psychology of Music; Seashore, Psychology of Music. 35 Miller and Heise, "Trill Threshold." 36 Bartlett, Remembering. ways from the original experience. A similar conceptual model, though in mathemati cal form, appeared in Claude Shannon's (1916-) influential general theory of commu nication, 37 in which the notion of "information" explains how abstract senders and receivers of messages negotiate "signals," "noise," "coding," and "decoding." The work of the French scholar Jean Piaget (1896-1980) on children's learning, the American Noam Chomsky (1928-) on language, the discovery of neurons that respond to higherlevel percepts, 38 and the "artificial intelligence" of digital computers further helped to foster a view of the mind as a complex modular system that couples a formid able array of inherited capabilities ("hardware") with learned adaptations specific to its environment ("software").
In the psychology of music, two great figures emerged in the early postwar years. Both had fought the Nazis, one from the West in the major battles of the American army, and the other from within the French Resistance (which led to later imprison ment in Auschwitz). Both took the precepts of the Gestaltists for granted, though with reservations. Both were musically sophisticated and sufficiently knowledgeable of avantgarde and ethnic musical styles to recognize that the facts of psychoacoustics are not fully determinative of musical culture. And both wrote their respective treatises with such grace, breadth of vision, and insight as to prompt a recent text to list them, along with the treatise of Helmholtz, as the "three books that form a nucleus of what we consider most important in the psychology of music." 39 The first, Leonard Meyer (1918-) , provided what Seashore had dreamed of-"a tech nique for the development of musical esthetics." 40 Meyer's 1954 dissertation and book, Emotion and Meaning in Music, focuses on "those aspects of meaning which result from the understanding of and response to relationships inherent in the musical progress." 41 His work combines Gestalt precepts, a theory of emotion, and an empha sis on learned expectations. Meyer quotes Koffka and Wertheimer, claiming that "the work of the Gestalt psychologists has shown beyond a doubt that understanding is not a matter of perceiving single stimuli, or simple sound combinations in isolation, but is rather a matter of grouping stimuli into patterns and relating these patterns to one another" (p. 6). Yet after presenting the Gestalt laws in relation to musical patterns, he cautions that "even within the confined limits of a particular style," it does not seem likely that "a precise and systematic account of musical perception solely in Gestalt terms is possible. Even given additional empirical data about aural perception, certain basic difficulties in the application of Gestalt principles to any specific music process would still remain. These difficulties do not derive from any basic weakness in Gestalt laws per se but from the fact that the number, interdependence, and subtlety of the var iables involved in musical perception make the establishment of a system of analytical 37 Meyer's theory of emotion draws on a tradition begun by John Dewey (1859-1952, University of Chicago and Columbia University) and is then given a more neurologi cal formulation in 1949 by Donald Hebb (1904 -1985 . As Meyer states it, "Emotion or affect is aroused when a tendency to respond is arrested or inhib ited" (p. 14). This "conflict" theory of emotion has parallels with Seashore's concept of expressive deviation in performance, though Meyer takes pains to distinguish the two (pp. 201ff). For Meyer, Seashore lacked a theory connecting deviations to affec tive experience. Meyer provides that theory, as well as a related theory of musical meaning: "If on the basis of past experience, a present stimulus leads us to expect a more or less definite consequent musical event, then that stimulus has meaning." The similarity to his theory of emotion is obvious. Meyer remarks, "Once it is recognized that affective experience is just as dependent upon intelligent cognition as conscious intellection, that both involve perception, taking account of, envisaging, and so forth, thinking and feeling need not be viewed as polar opposites but as different manifesta tions of a single psychological process" (p. 39).
The second great postwar psychologist of music was Robert Francès (1919-) . Like Meyer, he completed his bachelor's degree in philosophy and turned his dissertation into his most famous publication, La Perception de fa musique (1958) . 42 And like Meyer, Francès concerns himself with questions of musical aesthetics:
There is a type of musical perception that has little in common with simple audition; it is to that we devote our efforts here. In all of its complexity, it is identified with a part of the aesthetic experience, insofar as that embraces equally both experience and crea tion. We can conceptualize it only as a process of development, and never as simply falling under a "stimulusresponse" schema. We must distinguish between the effects 42 Trans. Dowling as The Perception of Music.
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of acculturation-unreflective, involuntary, and resulting from almost passive familiar ity with works-and the effects of education, where perceptual development is sup ported by the acquisition of concepts and symbols that provide for the definition of forms, their elements and articulations. (Dowling trans., To empirically validate this differentiation between "simple audition," accultura tion, and education, Francès devised sixteen experiments containing many of the tech niques that would become standard in the field. His second experiment revisited a topic that was important in Seashore's laboratory-deviations from "correct" intona tion during musical performance. 43 Measurements of phonograph recordings by such famous violinists as Kreisler, Elman, and Menuhin had clearly shown intonational deviations, many of which seemed to confirm the notion of inflected "tendency tones." Francès wanted to investigate the psychology of these deviations:
Until now, those phenomena have in effect been presented either as facts, based on the analysis of instrumental playing and vocal interpretation, or as consequences deduced from the precepts of harmonic writing. . . . For a theory of the development of musical perception such as ours . . . [it is important to see] in what measure the precepts of writing have been transformed into perceptual tendencies, resulting in the tonal inte gration of tones into a whole. . . . If we take as a base the tempered tuning of a piano, and lower the pitch of two of its notes, we would expect this alteration to be less noticeable to the listener when those notes contribute to a structure where they are subject to descending influences (in keeping with the tendencies defined earlier), than where they are subject to ascending influences. . . . [From the empirical results of tests on 22 musi cally trained subjects] we can conclude that the global impression of correct intonation was greater in the first piece (where the flatting of the critical notes conformed to the descending influences they had each time they occurred) than in the second piece (which exerted ascending influences on the same notes). (pp. 55ff.) In this and other experiments, Francès shows that listeners develop mental struc tures similar to, though not identical with, patterns described in music theory. These structures derive from the "second nature" of experience and not from the facts of acoustics. Francès emphasizes learned expectations: "The functions of each scale degree . . . are normatively defined by the theory of classical harmony, but through fre quent use they come to determine expectancy reactions-momentary perceptions entirely saturated with knowledge or containing a small degree of uncertainty" (p. 78). When expectancies cannot be learned, "acculturation" may prove difficult. He is among the first to raise a cautionary flag about the perception of twelvetone music. From his sixth experiment, which had among its subjects impressive specialists in serial music, he concludes that "Serial unity lies more on the conceptual than on the perceptual level; . . . when thwarted by melodic motion, rhythm, and the harmonic grouping of tones, it remains very difficult to hear."
Students of the psychology of music in the 1960s and 1970s were influenced by the work of Meyer and Francès, by the studies of Paul Fraisse (1911-), whose 1956 Les Structures rythmiques integrates concepts of musical rhythm into the larger framework of human time perception, and by the exciting work being done in language, vision, psychoacoustics, neurophysiology, and the study of mental representations. Not since the time of Stumpf had so many fine dissertations been written on important themes of music perception. The promise to understand the nature of pattern perception in melody, left unful filled by the original Gestaltists, was taken up by three major scholars who began pub lishing in the late 1960s and early 1970s. Diana Deutsch (1938-) , a native Londoner transplanted to the University of California at San Diego, studied melody and memory, developing in the process a number of fascinating musical "illusions" that provide auditory analogues of the optical illusions important to the study of vision. Her vigor ous advocacy of the psychology of music resulted in a landmark volume, The Psychology of Music (1982; 2nd ed., 1999) , and the founding of an interdisciplinary journal devoted to the subject, Music Perception (1983-). W. Jay Dowling (1941-) , an American working at the University of Texas at Dallas, demonstrated the intimate connections between memories of scale step, interval, contour, and rhythm in a series of studies summarized in the first such textbook designed for students in cognitive psychology, his Music Cognition (1986). And Albert Bregman (1936-), a Canadian working at McGilI University, approached the broader problem of how the brain makes sense of any sonic landscape. He interpreted the perception of melody and counterpoint as special cases of "auditory scene analysis," which became the title of a 1990 survey of his work.
In the later 1970s and early 1980s, psychologists placed harmony and tonality back onto center stage, a position these subjects had enjoyed in the days of Helmholtz and Stumpf. In the process, many psychologists became de facto music theorists, and some music theorists became de facto psychologists. First, the psychologists.
Roger Shepard (1929-), a cognitive psychologist widely known for his work on mental representations, had revisited in the 1960s the socalled pitch spiral advocated by Geza Révész and first imagined by Drobisch. 44 Shepard viewed this spiral, whose two components are chroma (pitch class) and height (octave), as a mathematically precise specification of a mental representation. 45 His student Carol Krumhansl (1947-) greatly extended this line of inquiry though a series of "probe tone" experi ments summarized in her Cognitive Foundations of Musical Pitch (1990) . In the typical experiment, a subject hears a musical context followed by a single pitch-the "probe"-and is asked to rate, on a scale from 1 to 7, how well that tone fits into the musical context. As one might expect, probe tones in the key of the musical context receive better subjective ratings than tones outside of the key. But the data showed that subjects responded with specific and consistent ratings for all twelve pitches in any major 44 Révész, Zur Grundlegung der Tonpsychologie; Drobisch, "Nachträge." 45 Shepard, "Circularity in Judgments of Relative Pitch." or minor key. A further mathematical correlation of the major and minor key "profiles" resulted in a proposed mental representation of the subjective distances between keys, one that captures many of the rules of thumb reported in harmony texts. In developing a theory to predict the subjective pitch of arbitrary groups of inhar monic overtones (e.g., the overtones of a bell), the German psychoacoustician Ernst Terhardt (1934-, Technical University, Munich) found himself positing subjective or "virtual" fundamental pitches that bear comparison to the chordal roots posited in the eighteenth century by Rameau or Tartini. But whereas Rameau proposed one or at most two roots for chords, Terhardt's algorithm proposes a probability of root salience for each of twelve possible root pitches; 46 it assumes recorded sound as its input and takes into account the relative intensities of individual partials. An adaptation of the algorithm designed for score based inputs has been proposed by his student Richard Parncutt (1957-) . 47 Among music theorists with interests in psychology, the composer and music theo rist Fred Lerdahl (1943-, Columbia University) , in concert with the linguist Ray Jackendoff (1945-, student of Chomsky), is noted for the publication of A Generative Theory of Tonal Music (1983) . It provides a formalization of musical intuitions about harmony and rhythm, and serves as an analogue of the "generative" grammars in lan guage studies. The book has spawned a large number of studies as cognitive psycholo gists have attempted to find empirical validation of its many provocative "preference rules"-rules similar to Gestalt laws in the sense that they codify preferred modes of per ceptually organizing complex musical patterns (see also Chapter 3, pp. 99-102; and Chapter 2, pp. 712-14). And like Francès, Lerdahl has stressed the limitations in human musicocognitive abilities as crucial factors in the difficulties that many serial and post serial musics have had in gaining an audience. 48 Leonard Meyer has remained active, and after relocating to the University of Pennsylvania in the 1970s, founded the socalled "Penn" school of music theory, with its strong focus on listeners. Among his students, Eugene Narmour (1939-) has developed Meyer's analysis of melodic expectations into the formalized "implicationrealization" model of melody (see Figure 31 .4). 49 Robert Gjerdingen (1952-) has developed Meyer's notion of "archetypes" into the study of historical schemata. And Justin London (1959-) has extended Meyer's work on rhythm and meter in a number of studies. 50 Cognitive science
Since the 1980s, the phrase "music cognition" has begun to replace "psychology of music" in reference to the processing of musical information by the normal adult 46 Terhardt et al., "Algorithm." 47 Parncutt, Harmony. Figure 31 .4 Narmour's implicationrealization model (1990, 1992) , building on many precepts of Leonard Meyer, attempts a rigorous "bottomup" analysis of how each musical feature contributes to the setting up or realizing of expectations for closure or forward progress. The figure shows a process (P), which is the result of expectations for forward progress set up by the several musical features. Whether-or the extent to which-the third pitch is perceived as ongoing or closed depends on contextual factors such as harmony and the particular weighting of all the other features.
mind. In part the change recognizes the diversity of psychology itself, there now being such recognizable specializations as music therapy, the developmental psychology of music, the psychology of learning, the social psychology of music, and the psychology of emotions. But this change to "music cognition" also reflects the new status of "cog nitive science." Cognitive science has as its object the study of the human mind, as does psychology. But what distinguishes cognitive science is its interdisciplinary approach and its focus on a confluence of new technologies. In relation to studies of music, these technologies are:
(1) computational models of dynamical systems, neural networks, cellular automata, and other nonlinear systems not amenable to succinct verbal description; (2) in vivo recordings of neuronal firing patterns in the auditory systems of animals; and (3) computerassisted imaging of the working human brain.
Gestalt theorist Wolfgang Köhler had speculated in the 1930s that the stable percept of a Gestalt was facilitated by the establishment in the brain of a stable "field" of neuro nal activity analogous to the field equations in the theory of electromagnetism. Similarly the Canadian psychologist Donald Hebb had shown in the 1940s how assem blages of neurons could learn, and respond to, specific patterns of stimulation. These ideas found renewed interest in the 1980s in a branch of cognitive science known as "connectionism" or "neural networks." Diana Deutsch (1969) was the first to suggest how assemblages of neurons could process the basic constituents of scales, chords, and keys. Jamshed Bharucha (1956-, student of Krumhansl) and Gjerdingen (student of Narmour and Meyer) applied neural network algorithms of the 1980s to musicpsychological problems in a series of exploratory papers, 51 using simple inputs derived from a scorelike representation of music pitch. Later studies have used recorded sound as input and shown how a concept like key could selforganize in response to regularities in the acoustic signals of real music. 52 Hebb's legacy in Montreal is reflected in the prominence of McGill University and the Neurological Institute of Montreal in brain imaging. Robert Zatorre (1955-) and Isabelle Peretz (1956-) are two cognitive scientists who study and report on the response of the brain to musical stimuli. Good summaries of this research can be found in the second edition of Deutsch's The Psychology of Music (1999) .
Limitations of space have required the omission of several important subjects and a large number of important scholars. The rich tradition of time, rhythm, and meter studies would require its own narrative, since it forms part of the study of motor behavior and control. (See, however, Chapter 22, . The important work of British researchers on the roles of music in everyday life, and the fascinating study of musical performance, which has continued to grow since Seashore's time, could not be covered in this short exposition. The texts cited above, however, should provide ample references to these and other areas of research. The impressive work of an active and talented cohort of younger scholars has not been included because the import of their work belongs to the field's future, not its past.
The first scholar to study systematically human memory, Hermann Ebbinghaus (1850-1909), once quipped, "Psychology has a long past, but only a short history." He was distinguishing between venerable traditions of thinking about the mind and the short period in which hypotheses about the mind's behavior had been empirically tested. Music, as "an internal, subjective entity springing from mental operations," 53 has figured prominently in psychology's long past through the disciplines of philoso phy and music theory, in psychology's short history through its subfield of the psychology of music, and shows every sign of forming an ongoing constituent of cog nitive science.
